Radical cystectomy is the guidelines-recommended treatment of muscle-invasive bladder cancer, but a resurgence of trimodal therapy has occurred. Limited comparative data are available on outcomes and costs attributable to these 2 treatments.
A n estimated 81 190 new cases and 17 240 deaths from bladder cancer will occur in the United States in 2018. 1 Neoadjuvant chemotherapy followed by radical cystectomy with extended pelvic lymphadenectomy is the guidelines-recommended treatment of muscle-invasive bladder cancer. [2] [3] [4] Given the concerns regarding the nonnegligible morbidity and mortality associated with radical cystectomy along with patients often being older and having increased comorbidities, clinicians (eg, urologists, radiation and medical oncologists) and patients have sought alternative treatments. The use of less-invasive trimodal "bladder-sparing" approaches that combine maximal transurethral resection, chemotherapy, and radiotherapy to treat muscle-invasive bladder cancer has increased. 5 Several organizations, including the American Urological Association and the European Association of Urology, have updated their guidelines to support the use of radiotherapy combined with chemotherapy in select patients with muscle-invasive disease. 3, 4, 6, 7 No randomized data exist comparing trimodal therapy with radical cystectomy, but 2 single-center studies to date have noted comparable survival outcomes. 8, 9 These studies were limited by small numbers of patients and/or were derived from nonadjusted casecontrol series. Comparative effectiveness research using cancer registry data has reported conflicting overall survival outcomes between these 2 treatments. 10 Against this backdrop, recent large population-based studies using the National Cancer Database have reported trimodal therapy to have inferior overall survival outcomes when compared with radical cystectomy. 5, 11 Furthermore, the costs associated with these treatments remain to be elucidated. 12 Given this gap in the literature, we examined a nationally representative cohort to compare the survival outcomes and costs of radical cystectomy with those of trimodal therapy.
Methods

Data Source
We extracted data from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database. This data set includes information regarding newly diagnosed cancers with 98% case ascertainment from 18 US regions. 13 The institutional review board at The University of Texas Medical Branch, Galveston, deemed this study to be exempt from review because it used an administrative deidentified database. Patient informed consent was waived by this institutional review board. We performed data analysis from August 1, 2017, to March 11, 2018.
Ascertainment of Study Cohort
We restricted our analysis to patients with stage T2 to T4a bladder cancer that was diagnosed as either transitional cell or urothelial carcinoma between January 1, 2002, and December 31, 2011, and with claims data available through December 31, 2013. The study was restricted to Medicare fee-for-service beneficiaries with Medicare Part A and Part B claims data available. The final cohort consisted of 3200 patients ( Figure 1 ).
Identification of Bladder Cancer Treatments
Radical cystectomy was identified by procedure codes in Medicare claims, including for both open and robot-assisted laparoscopic surgical procedures with or without pelvic lymph node dissection. The radical cystectomy group comprised patients who underwent only surgery or surgery in combination with radiotherapy or chemotherapy. The trimodal therapy group consisted of patients who underwent transurethral resection of the bladder followed by radiotherapy and chemotherapy. Trimodal therapy was identified by diagnosis and procedure codes in Medicare claims for both radiotherapy and chemotherapy in the absence of a concomitant code for radical cystectomy. 14 Radiotherapy dose typically consists of 60 to 66 Gy (39.6-50.4 Gy delivered to the bladder and pelvic lymph nodes with a sequential tumor boost) given in daily fractions of 1.8 to 2.0 Gy. 3 Guidelines-recommended trimodal chemotherapy regimens include cisplatin or fluorouracil and mitomycin C. 4 We counted the number of fractions within 90 days after the first radiation treatment and defined the number of fractions according to the number of radiation treatments delivered, as billed in Medicare claims, during the initial outpatient course of radiotherapy.
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Study Covariates
From the SEER database, we determined patient age, race/ ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or non-Hispanic other race/ethnicity), marital status (single, married, or unknown), and US census region (Northeast, South, Midwest, or West). We obtained the socioeconomic characteristics of the patient's neighborhood from the SEER database. Educational level was specified according to the percentage of residents who had at least 4 years of college education. County-level median annual household income was acquired through a link to the Area Health Resource Files data and then divided into quartiles. Comorbidity was assessed using the Klabunde modification for the year before cancer diagnosis.
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To determine treatment costs, we summed all Medicare health care expenditures from inpatient, outpatient, and physician services within 30, 90, and 180 days of treatment. We estimated the total amount spent nationwide on more expensive trimodal therapy by multiplying the mean differences of 180-day medical costs between trimodal therapy and radical cystectomy by the total number of new cases of muscleinvasive bladder cancer in the United States in 2011. 17 All costs were inflated to 2017 dollars using previously established methods summing Medicare reimbursements, coinsurance reimbursements, and patient liability costs.
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Statistical Analysis
Patients who receive radical cystectomy may systematically differ from patients who receive trimodal therapy. For example, patients who are older, have greater comorbidities, and have a lower stage of cancer may be more likely to receive trimodal therapy. Propensity score matching acts as a pseudorandomization and makes 2 treatment groups comparable. Therefore, we used propensity score matching to control selection bias and confounding while comparing 2 treatments. The propensity score was derived from a multivariable logistic regression model that estimated the use of radical cystectomy. Reflecting previous research and clinical knowledge, we included patients' sociodemographic (age, sex, race/ ethnicity, annual household income, educational level, marital status, and region) and clinical characteristics (comorbidities, stage, and grade) in the propensity score model. 14,19 All independent variables were parameterized, as illustrated in Table 1 . We checked collinearity between educational level and income and the interaction among comorbidities, stage, and grade while building the propensity score model. Collinearity was important only for median annual household income and educational level. No notable interactions were observed. We performed 1:1 matching of patients undergoing radical cystectomy with patients undergoing trimodal therapy, without replacement, based on a 5-digit greedy matching algorithm.
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Standardized difference was used to assess the covariate balance; an absolute standardized difference less than 0.10 indicates a balance of covariates across the 2 groups. All outcomes were evaluated in the matched sample. Unadjusted Kaplan-Meier curves were generated to estimate the overall survival and bladder cancer-specific survival for trimodal therapy and radical cystectomy. A Cox proportional hazards regression model was used to assess the association of treatment with overall survival. In the Cox model, we used a robust variance estimator to account for the clustering within matched sets. We conducted competing risk analyses to compare cancer-specific survival between trimodal therapy and radical cystectomy. The Fine and Gray 21 competing risk model was used to obtain hazard ratios (HRs). The proportional hazards model assumption was tested to confirm the adequacy of the model. Because of the skewed nature of cost data, we reported median costs. The differences between overall and yearly median costs were evaluated with the HodgesLehmann estimator in the propensity score-matched sample. Propensity score matching effectively reduces the sample size because unmatched patients are removed from the analyses. Therefore, we performed sensitivity analyses by including all patients. The association of bladder cancer treatment with overall survival and cancer-specific survival was modeled using the Cox proportional hazards regression model and competing risk model while accounting for all confounders.
All statistical tests were 2-sided, and all analyses were performed using SAS, version 9.4 (SAS Institute Inc). Statistical significance was defined as a 2-sided P < .05 using an unpaired, 2-tailed t test.
Results
Patient demographics according to treatment type before and after propensity score adjustments are summarized in Table 1 . Of the 3200 patients who met the inclusion criteria, 2048 (64.0%) were men and 1152 (36.0%) were women, with a mean (SD) age of 75.8 (6.0) years. Overall, 752 patients (23.5%) underwent trimodal therapy and 2448 (76.5%) underwent radical cystectomy for muscle-invasive bladder cancer. Before matching, age, sex, and marital status as well as Charlson comorbidity index, stage, and grade according to treatments all had an SD greater than 0.10. Patients with high-grade disease more often underwent radical cystectomy, whereas patients with clinical stage T2 cancer more often underwent trimodal therapy (SD, >0.10).
Propensity score matching resulted in the matching of 687 patients (21.5%) receiving trimodal therapy with 687 patients (21.5%) receiving radical cystectomy ( Figure 1 ). All baseline covariates were well balanced in the propensity score-matched sample. Multicollinearity was assessed for variables introduced into the model. The only substantial association observed was between annual household income and educational level. We removed educational level because of its high Table 2 ). These findings persisted across all stages except in patients with stage IV disease, for whom no considerable differences between treatments were noted (eTable 1 in the Supplement). In sensitivity analyses, the effect estimates of trimodal therapy with overall survival (HR, 1.38; 95% CI, 1.25-1.53) and cancer-specific survival (HR, 1.50; 95% CI, 1.32-1.70) differed slightly compared with the effect estimates in propensity score analyses. However, the association was in the same direction, indicating improved outcomes associated with radical cystectomy. A total of 353 of 687 patients (51.4%) who underwent trimodal therapy received cisplatin or fluorouracil and mitomycin C. Although trimodal therapy resulted in worse survival when compared with radical cystectomy, this treatment with cisplatin or fluorouracil and mitomycin C vs with other chemotherapy resulted in improved overall survival (HR, 1.27; 95% CI, 1.10-1.47 vs HR, 1.69; 95% CI, 1.46-1.96) and cancer-specific survival (HR, 1.50; 95% CI, 1.23-1.83 vs HR, 1.97; 95% CI, 1.62-2.39) (eTable 2 in the Supplement). Among 326 patients who underwent trimodal therapy and had radiotherapy fraction data available, the total median number of fractions delivered was 18 (interquartile range, 9-27). When stratified by fractions delivered, trimodal therapy with 18 or more total fractions delivered compared with fewer than 18 showed improved overall survival (HR, 1.23; 95% CI, 1.02-1.48 vs HR, 1.39; 95% CI, 1.16-1.68) and cancer-specific survival (HR, 1.37; 95% CI, 1.05-1.78 vs HR, 1.48; 95% CI, 1.14-1.93) (eTable 3 in the Supplement). In addition, we found that, among the radical cystectomy cohort, patients who received neoadjuvant chemotherapy compared with those who re- Figure 2 illustrates the unadjusted overall survival and cancer-specific survival rates for trimodal therapy and radical cystectomy. 
Discussion
Muscle-invasive bladder cancer is a lethal disease, which warrants definitive treatment. Previous research has shown that approximately half of these patients undergo definitive treatment, with only 19% receiving surgery. 14, 22 In recent years, the use of trimodal therapy has increased. 5 Despite the lack of data from a randomized clinical trial comparing trimodal therapy with radical cystectomy and the conflicting survival outcomes shown in observational studies, trimodal therapy is recommended in select patients with muscle-invasive disease. 3, 6, 7 In the present propensity score-matched study, we found that patients who underwent trimodal therapy had significantly worse overall or cancer-specific survival compared with those who received radical cystectomy. Furthermore, costs at 30 days of treatment were comparable between either intervention, but we observed significant increased costs associated with trimodal therapy at 90 days and 180 days of treatment. Our study has several important findings. First, patients who underwent trimodal therapy instead of radical cystectomy had a significantly lower overall survival rate. This finding is consistent with that of recent population-based studies, which identified decreased overall survival among patients who underwent trimodal therapy compared with those who underwent radical cystectomy.
5,11 A small single-center study using similar analytical methods found that the adverse association of trimodal therapy with age decreased considerably in older adults, suggesting that this treatment may be more appropriate for the elderly. 23 In addition, decreased overall survival persisted across clinical stages except for stage IV, for which we observed no significant differences between the treatment types. Patients with stage IV disease represent a heterogeneous group that observational studies cannot control for inherent selection bias, thus limiting the ability to discern which patients received primary treatment and which received palliative care. Our findings also suggest decreased survival outcomes with trimodal therapy when compared with radical cystectomy. Second, we noticed lower cancer-specific survival among patients who underwent trimodal therapy compared with those who underwent radical cystectomy. These findings persisted across clinical stages except among patients with clinical stage IV disease, for whom no differences were observed. Although we are unable to eliminate selection bias, we believe the noted improved survival among patients with stage II and III disease suggests radical cystectomy may be best suited for these patients when feasible. As mentioned, patients with stage IV bladder cancer represent a heterogeneous population, and further research is needed to identify which patients are best suited for which type of local therapy. We also observed improved survival associated with the use of neoadjuvant chemotherapy, supporting guideline recommendations.
2,4 Our findings provide additional information regarding cancerspecific survival that cannot be assessed using the National Cancer Database. 5, 11 In a recent propensity score-matched study, 112 patients in a single-center multidisciplinary clinic were analyzed, identified, and matched (56 who received trimodal therapy and 56 who received radical cystectomy). 9 At a median follow-up of 4½ years, a total of 13 deaths from bladder cancer were noted in each group. 9 That study had limited power, and our findings in a larger cohort suggest that trimodal therapy may have inferior oncological outcomes among older patients. Third, although costs did not differ statistically at 30 days, trimodal therapy was associated with higher 90-day and 180-day Abbreviation: HR, hazard ratio.
a All baseline covariates were well balanced in the propensity score-matched sample. Therefore, no covariates were controlled for in the outcome model.
costs. Extrapolating these figures to the total US population revealed $335 million in excess spending for trimodal therapy compared with the less costly radical cystectomy ($492 million) for patients who received a diagnosis in 2011.
More recently, the health care costs associated with trimodal therapy have plateaued, whereas radical cystectomy costs have continued to rise. Possible explanations may include the centralization of care associated with radical cystectomy. 22 Highervolume hospitals committed to academic, research, and clinical excellence often accept patients regardless of clinical presentation and financial risk. 24 Furthermore, these medical centers often have access to advanced technology-based subspecialist care. [25] [26] [27] To our knowledge, this is the first study comparing costs between these 2 treatments. Given the current health care climate in the United States and the increased emphasis on high value-based cancer care over the entire care cycle, our findings regarding survival outcomes in the context of health care dollars is timely. 28 The Institute of Medicine has proposed costcontainment measures (for inpatient and outpatient services) to include the limited use of advanced technology (robotics, radiotherapy, and advanced imaging) in the absence of less costly modalities. 29 As depicted in the present study, further comparative effectiveness research into interventions to improve the quality and costs of the entire course of bladder cancer care is needed.
Limitations
Our findings must be interpreted within the context of the study design. First, the patients we identified were 66 years or older; thus, our findings may not be applicable to younger patients. However, most patients with bladder cancer are in the sixth decade of life, and we provided a contemporary analysis of treatment utilization rates for this disease. Second, there is level 1 evidence supporting radical cystectomy plus neoadjuvant chemotherapy, linking this intervention with substantial downstaging and improved survival. 30 In our study, only 99 patients (14.4%) who underwent radical cystectomy received neoadjuvant chemotherapy. In the present cohort, we noticed improved survival associated with neoadjuvant chemotherapy, which is consistent with findings in previous studies. 5, 31 Given the recent endorsements of this treatment by several urological associations, utilization trends may increase. 2, 32 Third, specifics regarding surgery, including the type of lymph node dissection, are not captured in the SEER database and may limit the interpretation of surgical quality. 33 Fourth, this study is retrospective, with an inherent selection bias. Although we attempted to overcome this bias by using propensity score matching to control for potential confounders, we acknowledge the limitations in using this study design. We agree that clinical trials overcome concerns of internal validity, but there are often concerns regarding the external validity and generalizability of clinical trial enrollees. 34, 35 Our analysis has the advantage of providing a contemporary and generalizable assessment of treatment patterns among a large number of older adults.
Fifth, we provided a population-based assessment of trimodal therapy and radical cystectomy, but we did not assess which specific type of trimodal therapy was used. The SEER database lacks specifics on the dose or cycle of chemotherapy and dose of radiotherapy administered as well as the extent of transurethral resection. We attempted to account for fractions of radiotherapy delivered as a surrogate for radiotherapy dose, and we observed improved survival associated with the increased fractions administered. In addition, patients who underwent trimodal therapy with cisplatin or fluorouracil and mitomycin C had improved survival than those treated with other regimens. Selection of appropriate patients and adherence to guidelines-recommended trimodal protocols with meticulous follow-up are critical to achieving durable oncological outcomes. [2] [3] [4] Sixth, a sample size or power calculation was not performed a priori; however, our sample size compares well with previous observational studies. Furthermore, no adjustment was made for within-center correlations or within-surgeon correlations of outcomes. Finally, we assessed costs up to 180 days after treatment. Further long-term cost-effectiveness research is needed, especially as we move toward a "global cost of care" payer system. 36 
Conclusions
Trimodal therapy was associated with significantly decreased overall and cancer-specific survival at increased costs when compared with radical cystectomy. Extrapolating these figures to the total US population revealed $335 million in excess spending for trimodal therapy compared with the less costly radical cystectomy ($492 million) for patients who received a diagnosis in 2011. Although observational and retrospective and with inherent selection bias, this study has important health policy implications regarding the appropriate use of high value-based care among patients who are candidates for either treatment. 
